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Description 

INFORMATION PROCESSING DEVICE AND 
METHOD, PROGRAM, DATA STRUCTURE, 
AND COMPUTER-READABLE RECORDING 

MEDIUM 

Background of Invention 

[0001] The present invention relates to an information process- 
ing device and an information processing method that 
register data into a data table where first item data is reg- 
istered along with corresponding second item data, and 
retrieve the second item data corresponding to the first 
item data from the data table, and further relates to a 
program that enables a computer to function as such an 
information processing device, a data structure possessed 
by such an information processing device, a computer- 
readable recording medium recording therein such a pro- 
gram, and a computer-readable recording medium stor- 
ing therein such a data structure. 



[0002] Conventionally, in the field of network switch products 

such as L2 switches or L3 switches, there has been known 
such a system that can support more than a hundred and 
several tens of thousands of MAC addresses. The system 
can support many servers and clients, while, for identify- 
ing a corresponding destination port from a MAC address 
of a received packet, it is necessary to search through all 
MAC addresses held for that purpose to thereby retrieve 
the corresponding destination port. 

[0003] | n v j ew 0 f this, the system is configured so as to be able 
to search the MAC addresses at high speed using a hash 
method. Specifically, a MAC address table storing therein 
MAC addresses and destination ports in a corresponding 
relationship is prepared so as to be directly accessible by 
a hash key obtained by applying a hash function to a MAC 
address and, when a packet is received, a corresponding 
destination port can be identified using a hash key ob- 
tained based on a MAC address in the packet (e.g. see 
Patent Literature 1). In this event, when the same hash key 
is obtained from different MAC addresses, data corre- 
sponding to those MAC addresses are stored using chain- 
ing or the like and, upon retrieval, they are accessed using 
the common hash key and tracing chaining pointers. 



[0004] However, inasmuch as there exist no complete hash func- 
tions, using any hash function can not avoid dispersion of 
data like many MAC addresses correspond to a particular 
hash key. Such data dispersion prevents an efficient 
search through the MAC addresses. It is, therefore, the 
present state wherein every time data is changed, the 
whole table is reprepared using a different hash function. 

[0005] Particularly, when connection places are not fixed like 

mobile products, it is possible that a relationship between 
MAC addresses and ports of a switch or rooter changes 
momentarily, and addition and deletion of data relative to 
a MAC address table are constantly repeated. Therefore, 
inasmuch as averaging of data variance by the use of a 
hash function breaks down following the addition and 
deletion of data in the MAC address table, it is necessary 
to frequently perform sorting of data by changing hash 
function. 

[0006] | n case 0 f a large-scale switch wherein the number of en- 
tries in a MAC address table exceeds a hundred and sev- 
eral tens of thousands, it takes a long time to calculate 
hash values again and sort data following the change of a 
hash function. Therefore, in effect, the change of the hash 
function requiring recalculation of hash values and sorting 



of data is not carried out. Specifically, it is the present 
state that when the number of entries in a memory area of 
addresses corresponding to a hash value exceeds an al- 
lowable value, entries are prevented from increasing with 
respect to such a hash value, while broadcast is used for 
dealing therewith. Since the broadcast is for transferring 
the same data over the network, it disables transmission 
of other packets to thereby extremely lower the network 
efficiency. In contrast, when it is configured to enter data 
corresponding to all MAC addresses, it is necessary to re- 
peat many times a search that traces pointers, and there- 
fore, a search time is prolonged. 
Summary of Invention 

[0007] | n V j ew of the foregoing problems of the prior art, it is an 
object of the present invention to provide a technique that 
can efficiently carry out a registration into a search table 
using a hash function and a retrieval from such a search 
table. 

[0008] Means for solving the ProblemsFor accomplishing the 
foregoing object, according to the present invention, an 
information processing device and an information pro- 
cessing method, as shown in Fig. 1, use a data table 101 
where first item data are registered along with corre- 



sponding second item data, and a pointer table where 
pointers to the registered data in the data 101 are regis- 
tered in storage positions that are designated by hash 
values obtained by applying a predetermined hash func- 
tion to the first item data of the registered data, wherein 
registration means 102 implements a registration into the 
data table 101 with respect to object first item data along 
with corresponding second item data, or retrieval means 
103 implements a retrieval of the corresponding second 
item data from the data table 101 with respect to object 
first item data. The present invention is characterized in 
that the hash function comprises a first hash function and 
a second hash function, and the pointer table comprises a 
first pointer table 104 and a second pointer table 105 that 
are referred to using hash values derived based on the 
first and second hash functions, respectively. 
[0009] Here, the information processing device may be, for ex- 
ample, an L2 switch (switching hub) or an L3 switch. The 
first item data may be, for example, a MAC address. The 
second item data may be, for example, a port number 
corresponding to the MAC address. When a plurality of 
registration data whose hash value is the same, i.e. which 
are in a synonymous relationship with each other, are 



generated upon a registration into the data table, it may 
be configured to allow registrations of data in the synony- 
mous relationship up to a predetermined number such as 
two. In this event, the registered data in the synonymous 
relationship are associated with each other by a known 
method such as chaining or open addressing. In this case, 
the registered data other than the registered data directly 
designated by a pointer is designated indirectly by the 
pointer via chaining or the like. The present invention re- 
lates to an information processing device and an informa- 
tion processing method that implement only a registration 
into the data table, only a retrieval from the table, or both 
the registration and the retrieval with respect to the first 
item data. 

[0010] According to the present invention, the first hash function 
and the first pointer table, and the second hash function 
and the second pointer table are used as the hash func- 
tion and the pointer table. Therefore, by selectively using 
them depending on respective characteristics of the first 
and second hash functions, it is possible to suppress a 
registration of data in a synonymous relationship, limit 
the number of registrations of data that are in a synony- 
mous relationship with each other, and reduce the size of 



the data table. Specifically, conventionally, when a bias 
exists in distribution of values of the first item data, many 
synonyms are generated with respect to a particular hash 
value so that there have been those cases where recon- 
struction of the data table becomes necessary. According 
to the present invention, however, when the synonym oc- 
curs, hash values can be dispersed using another hash 
function and therefore reconstruction of the data table 
can be avoided. Further, as compared with a case wherein 
two hash functions are used and registrations are imple- 
mented into individual data tables corresponding to the 
two hash functions, the size of the data table can be re- 
duced. That is, the registration or retrieval relative to the 
data table can be achieved more efficiently. 
[0011] The present invention can be carried out by combining a 
voluntarily selected one of the following preferred modes 
or a combination of voluntarily selected two or more of 
them, with the foregoing basic structure of the present in- 
vention. 

[0012] | n a preferred mode of the present invention, upon per- 
forming a registration or retrieval, the first hash and the 
first pointer table are mainly used and, when the registra- 
tion or retrieval can not be implemented based on them 



due to occurrence of synonym, the second hash function 
and the second pointer table are used. The retrieval being 
unable to be implemented represents, for example, a case 
where there is an indication in an associated position in 
the first pointer table that the second pointer table should 
be referred to, a case where a pointer is not registered, a 
case where there is an indication that a pointer is invalid, 
or a case where there is an indication by a later-described 
selection table that the second pointer table should be re- 
ferred to. 

[0013] Further, each of the registered data in the data table is 

designated directly or indirectly by a pointer that is effec- 
tively registered only in one of the first and second 
pointer tables. When designated indirectly, it is necessary 
to further trace chaining or the like from the designated 
position upon a retrieval. 

[0014] Further, as shown in Fig. 1, there can be provided a selec- 
tion table 106 where selection data representing which of 
the first hash function and the first pointer table 104, and 
the second hash function and the second pointer table 
105 are selected and used upon searching through the re- 
spective registered data in the data table 101 is registered 
in a storage position designated by a hash value obtained 



by applying the first hash function to the first item data of 
each of the registered data in the data table 101. For ex- 
ample, when it is found out upon a data registration that 
the object first item data is synonymous with the regis- 
tered first item data, a bit forming corresponding selec- 
tion data in the selection table 106 is set to ON to thereby 
enable setting to select and use the second hash function 
and the second pointer table As the second hash function, 
it is possible to employ one that has a higher tendency of 
dispersing hash values about the first item data, as com- 
pared with the first hash function. In this case, when a 
hash value becomes the same with respect to a plurality of 
first item data according to the first hash function to 
thereby cause synonyms, it is possible to increase proba- 
bility of solving the synonyms using the second hash 
function. 

[0015] upon a registration, it is possible to implement the regis- 
tration into the data table using the first pointer table with 
respect to the object first item data, on condition that a 
pointer is not registered in either of the first and second 
pointer tables. That is, when the object first item data is 
unregistered, a registration thereof is carried out using 
the first pointer table. 



[0016] Further, upon a registration, when it is found out that the 
object first item data is a synonym that shares the corre- 
sponding pointer in the first pointer table, it is possible to 
implement the registration with the synonym having been 
solved, using the second pointer table with respect to the 
object first item data and the registered first item data 
that are synonymous with each other. In this case, a reg- 
istration of data that is in a synonymous relationship and 
shares the pointer in the first pointer table is not per- 
formed. With respect to the registered first item data, it is 
possible not to change a storage position thereof in the 
data table, but to register in the second pointer table a 
pointer designating the storage position thereof. 

[° 017 ] Instead, it may be configured that with respect to item 
data that are in a synonymous relationship with each 
other and share a corresponding pointer in the first 
pointer table, registrations up to a predetermined number 
are allowed, while, when the predetermined number is ex- 
ceeded, all the registrations in the synonymous relation- 
ship are caused to be registrations using the second 
pointer table. 

[0018] on the other hand, a program according to the present 

invention is characterized by causing a computer to func- 



tion as the foregoing information processing device of the 
present invention. In this case, the program is executed 
in, for example, a computer shown in Fig. 2. In the figure, 
symbols 201 and 202 denote a CPU and a memory for ex- 
ecuting the program. The data table, the first and second 
pointer tables, and the selection table are formed in the 
memory 202. In the figure, symbols 203a, 203b denote 
ports connected to terminal devices, a LAN, or the like, 
symbols 204a, 204b denote communication controllers 
for transmitting/receiving packets via those ports, symbol 
205 denotes a buffer for temporarily storing data of re- 
ceived packets, and symbol 206 denotes a bus connecting 
the respective components together. When the computer 
carries out a packet relay function, sender addresses in 
the received packet data in the buffer 205 and numbers of 
ports that received the packets become objects of regis- 
tration into the data table as the first item data and the 
second item data, respectively. Destination addresses in 
the packet data are used as the first item data for retriev- 
ing corresponding port numbers from the data table as 
the second item data and, when the corresponding port 
numbers are retrieved, the received packet data are sent 
out via those ports. 



[0019] a computer-readable recording medium according to the 
present invention is characterized by recording therein the 
program of the present invention. Further, a data struc- 
ture according to the present invention is characterized by 
comprising the foregoing data table, first pointer table, 
and second pointer table, and further the foregoing selec- 
tion table. Another computer-readable recording medium 
of the present invention is characterized by recording 

therein such a data structure. 
Brief Description of Drawings 

[0020] pig. 1 is a block diagram showing an information process- 
ing device according to the present invention; 

[0021] pig. 2 is a diagram showing a hardware structure for exe- 
cuting a program according to the present invention; 

[0022] Fig. 3 is a diagram showing a structure of each of tables 
used in a switch device according to one preferred em- 
bodiment of the present invention; 

[0023] Fig. 4 is a diagram showing the state of a retrieval in a ta- 
ble structure of Fig. 1, wherein a second hash function is 
used; 

[0024] Fig. 5 is a diagram showing a first hash function used in 

the device of Fig. 1; 
[0025] Fig. 6 is a diagram showing a second hash function used 



in the device of Fig. 1; 
[0026] pig. 7 is a diagram showing processing of a retrieval from 

a MAC address table in the device of Fig. 1; and 
[0027] pig. 8 is a diagram showing processing of a registration 

into the MAC address table in the device of Fig. 1. 
Detailed Description 

[0028] Fig. 3 shows a structure of each of tables used in a switch 
device according to one preferred embodiment of the 
present invention. The switch device transfers a packet, 
received at each port, from a port corresponding to a des- 
tination MAC address in the packet. The port correspond- 
ing to the MAC address can be known from a port address 
that is acquired based on a search using the tables. 

[0029] As shown in the figure, the switch device comprises a 

MAC address table 3 where MAC addresses are registered 
along with corresponding port addresses, first and second 
pointer tables 1 and 2 where pointers to respective regis- 
tered data in the MAC address table 3 are registered, and 
a selection table 4 where selection data representing 
which of the first and second pointer tables 1 and 2 is to 
be selectively used is registered. 

[0030] T he MAC address table 3 has a size of 128k x 64[bits]. 
Specifically, the MAC address table 3 has a capacity of 



128k records each composed of 64[bits]. Each of the first 
and second pointer tables 1 and 2 has a size of 64k x 
17[bits], while the election table 4 has a size of 64k x 
l[bits]. 

[0031] | n the first pointer table 1, memory addresses are regis- 
tered as pointers each designating, like an arrow 5, a 
storage position of corresponding registered data in the 
MAC address table 3. A storage position of each memory 
address in the first pointer table 1 is designated by a hash 
value, like an arrow 7, obtained by applying a first hash 
function 6 to a corresponding MAC address. As shown in 
Fig. 4, memory addresses are also registered in the sec- 
ond pointer table 2 as pointers each designating, like an 
arrow 21, a storage position of corresponding registered 
data in the MAC address table 3. A storage position of 
each memory address in the second pointer table 2 is 
designated by a hash value obtained by applying a second 
hash function 22 to a corresponding MAC address. A stor- 
age position of each registered data in the MAC address 
table 3 is designated by a memory address that is effec- 
tively registered only in one of the first and second 
pointer tables 1 and 2. 

[0032] a s shown in Fig. 5, the first hash function is such that up- 



per 16 bits 3 la and intermediate 16 bits 3 lb of a MAC 
address 31 composed of a 24-bit vendor ID and a 24-bit 
local identification number are added together, and a 
32-bit value A obtained by combining a result of the ad- 
dition with lower 16 bits 31c of the MAC address 31 is di- 
vided by an arbitrary 16-bit prime number, thereby to ob- 
tain a remainder of the division as a 16-bit hash value. In 
this event, a carry generated as a result of the addition 
may be discarded or added to the least significant bit. 
[0033] As shown in Fig. 6, the second hash function is such that 
a bit shift is implemented with respect to upper 32 bits 
3 la and 3 lb of a MAC address 31, then upper 16 bits and 
intermediate 16 bits 31b are added together, and a 32-bit 
value B obtained by combining a result of the addition 
with lower 16 bits 31c of the MAC address 31 is divided 
by an arbitrary 16-bit prime number, thereby to obtain a 
remainder of the division as a 16-bit hash value. The 
amount of the bit shift may be one to several bits. In Fig. 
6, an arrow 41 represents a leftward shift, while an arrow 
42 represents sequential rotation of the most significant 
bit toward the least significant bit. Since the number of 
data allocated as local identification numbers is far 
greater than the number of data allocated as vendor IDs, 



the second hash function obtained by dividing the value of 
the upper 32 bits after the bit shift exhibits a higher ten- 
dency of dispersing the hash values with respect to the 
MAC addresses, as compared with the first hash function. 

[0034] The first hash function and the first pointer table are 

mainly used upon retrieving a port address corresponding 
to a destination MAC address in a received packet and, 
when a retrieval can not be achieved by the use of them, 
then the second hash function and the second pointer ta- 
ble are used. By using the selection table 4, it is possible 
to know in advance as to which of them can be used. A 
storage position of each selection data in the selection ta- 
ble 4 is designated by a hash value obtained by applying 
the first hash function to a corresponding MAC address. 
Upon searching the MAC address table 3 based on a des- 
tination MAC address, selection data corresponding to a 
hash value derived by the first hash function often repre- 
sents using the first pointer table 1 as shown in Fig. 3. On 
the other hand, when the first pointer table 1 can not be 
used, it represents using the second pointer table 2 as 
shown in Fig. 4. 

[0035] pig. 7 is a flowchart showing processing of retrieving a 

port address corresponding to a destination MAC address. 



When the processing is started, a hash value is first ob- 
tained by applying the first hash function to a destination 
MAC address in step 51. Then, in step 52, reference is 
made to selection data in a storage position in the selec- 
tion table 4 designated by the obtained hash value. Then, 
it is checked whether the selection data referred to repre- 
sents using the first or second pointer table. In this event, 
the selection data represents using the first pointer table 
when a bit forming the selection data is OFF, while repre- 
sents using the second pointer table when it is ON. When 
the bit is OFF, the processing proceeds to step 54. On the 
other hand, when the bit is ON, the processing proceeds 
to step 55. 

[0036] step 54 acquires a memory address in a storage position 
of the first pointer table 1 that is designated by the hash 
value obtained in step 51, and the processing goes to step 
57. In step 55, a hash value is obtained by applying the 
second hash function to the destination MAC address. 
Then, step 56 acquires a memory address in a storage 
position of the second pointer table 2 designated by the 
obtained hash value, and the processing goes to step 57. 

[0037] | n step 57 j reference is made to the MAC address table 3 
using the obtained memory address and, on condition 



that a MAC address of corresponding registered data 
should agree with the destination MAC address, a corre- 
sponding port address is acquired. This terminates the 
processing of retrieving a port corresponding to the desti- 
nation MAC address. 

[0038] Thereafter, by sending the received packet from port of 
the acquired port address, the switch device can transfer 
the received packet toward a device identified by the des- 
tination MAC address. If the MAC addresses do not agree 
with each other and therefore the corresponding port ad- 
dress can not be acquired in step 57, the packet is sent 
out from all the ports. 

[0039] pig. 8 is a flowchart showing processing of a data regis- 
tration into the MAC address table 3. When a packet is re- 
ceived, the data registration processing is carried out with 
respect to a sender MAC address in the packet. First, in 
step 61, a hash value is obtained by applying the first 
hash function to a sender MAC address of a received 
packet. 

[0040] Then, in step 62, reference is made to the selection table 
4 using the obtained hash value, and step 63 judges 
whether or not a bit of selection data referred to is OFF. 
The bit being OFF represents that a registration using the 



first hash function and the first pointer table has already 
been implemented or has not yet been implemented with 
respect to the sender MAC address concerned. In this 
case, the processing proceeds to step 64. The bit of the 
selection data not being OFF represents that a registration 
using the second hash function and the second pointer 
table has already been implemented with respect to the 
sender MAC address concerned, or that the sender MAC 
address concerned is synonymous with a MAC address 
having been registered using the second hash function 
and the second pointer table. In this case, no registration 
is carried out with respect to the sender MAC address 
concerned, and the processing is terminated at once. That 
is, a registration of a MAC address that is in a synony- 
mous relationship via the second pointer table 2 is not 
carried out. 

[0041] | n s t e p 54 j reference is made to the first pointer table us- 
ing the hash value obtained in step 61, and step 65 
judges whether or not a memory address has been regis- 
tered in a referring position. If the referring position has 
an initial value, for example, zero, it is possible to judge 
that the memory address has not been registered. The 
memory address having been registered means that a 



registration into the MAC address table 3 using the first 
hash function has already been implemented with respect 
to the sender MAC address concerned or a MAC address 
synonymous therewith. In this case, the processing pro- 
ceeds to step 66. On the other hand, the memory address 
having not been registered means that a registration into 
the MAC address table 3 using the first hash function has 
not yet been performed with respect to either the sender 
MAC address concerned or a MAC address synonymous 
therewith. In this case, the processing proceeds to step 
70. 

[0042] | n s tep 66, reference is made to the MAC address table 3 
using the registered memory address, and step 67 judges 
whether or not the sender MAC address concerned agrees 
with a MAC address in a referring position. Both MAC ad- 
dresses not agreeing with each other means occurrence of 
synonym. In this case, the processing proceeds to step 68 
for solving the occurrence of synonym. On the other hand, 
when both MAC addresses agree with each other, since it 
means that the sender MAC address has already been reg- 
istered, the processing is terminated at once. 

[0043] | n s tep 68, the bit of the selection data referred to in step 
62 is set to ON. Specifically, when a hash value derived by 



a destination MAC address and the first hash function 
designates the selection data concerned a search is car- 
ried out using the second hash function with respect to 
the destination MAC address concerned. Then, in step 69, 
a registration into the MAC address table 3 is imple- 
mented via the second pointer table using the second 
hash function with respect to both the registered MAC ad- 
dress and the sender MAC address concerned that have 
been judged not to agree with each other in step 67. 
Specifically, the second hash function has a higher vari- 
ance tendency as compared with the first hash function, 
and therefore, in general, when the second hash function 
is applied to both MAC addresses, respectively, different 
hash values can be obtained so that it is possible to 
achieve a registration while solving the synonym. 
[0044] | n t his event, as a port address that is registered corre- 
spondingly to the sender MAC address concerned, an ad- 
dress of a port that received the packet of the sender MAC 
address concerned is used. On the other hand, with re- 
spect to the registered MAC address, it is not necessary to 
change the storage position thereof in the MAC address 
table 3, while it is sufficient to cause a corresponding 
memory address in the second pointer table to designate 



such a storage position. When the registration with the 
synonym having been solved is completed, the data regis- 
tration processing is terminated. 

[0045] on the other hand, in step 70, a memory address repre- 
senting a storage position of the MAC address table 3 
where the sender MAC address concerned is registered, is 
registered in the first pointer table. A registration position 
of the memory address is designated by the hash value 
derived using the first hash function in step 61. As the 
memory address to be registered, it is possible to select, 
for example, the minimum address among unused ad- 
dresses in the MAC address table 3. Then, in step 71, 
sender MAC address is registered along with the corre- 
sponding port address in the MAC address table. The reg- 
istration position thereof in the MAC address table is des- 
ignated by the memory address registered in step 70. 
When this registration is completed, the data registration 
processing is terminated. 

[0046] According to this embodiment, since the first and second 
hash functions are used as a hash function, and the first 
and second pointer tables 1 and 2 that are referred to us- 
ing hash values derived by the first and second hash func- 
tions, respectively, are used as a pointer table, it is possi- 



ble to utilize a difference in characteristic between the 
first and second hash functions, wherein a registration is 
not implemented with respect to a MAC address that is in 
a synonymous relationship, but can be implemented after 
solving the synonymous relationship. Therefore, it is pos- 
sible to avoid the broadcast required when a registration 
can not be implemented due to occurrence of synonym, 
and reconstruction of the MAC address table 3. Further, as 
compared with a case wherein two hash functions are 
used, and further, independent MAC address tables 3 cor- 
responding thereto are used, the size of the MAC address 
table 3 can be reduced. 

[0047] Further, upon performing a retrieval or registration rela- 
tive to the MAC address table 3, the first hash function 
and the first pointer table are mainly used and, when the 
retrieval or registration can not be implemented based on 
them, the second hash function and the second pointer 
table are used. Therefore, the retrieval or registration can 
be efficiently carried out. 

[0048] Further, each registered data in the MAC address table 3 
is designated by a pointer that is effectively only in one of 
the first and second pointer tables. Therefore, by knowing 
in advance the first or second pointer table to be used, 



the search can be conducted quickly. 

[0049] Further, the selection table is used where selection data 
representing which of the first hash function and the first 
pointer table, and the second hash function and the sec- 
ond pointer table are selected and used upon searching 
through the respective registered data in the MAC address 
table 3 is registered in a storage position designated by a 
hash value obtained by applying the first hash function to 
a MAC address of each registered data in the MAC address 
table 3. Therefore, it is possible to know in advance as to 
which of the first and second pointer tables is to be used, 
and hence, the search can be carried out quickly. 

[0050] Further, the second hash function shows a higher ten- 
dency of dispersing the hash values with respect to the 
MAC addresses, as compared with the first hash function. 
Therefore, when synonym occurs by the use of the first 
hash function, the synonym can be easily solved to enable 
a registration by using the second hash function instead 
of the first hash function. 

[0051] Further, when a pointer is not registered in either of the 
first and second pointer tables with respect to an object 
MAC address, a registration into the MAC address table 3 
using the first pointer table is implemented (steps 63 to 



65, 70, and 71). Therefore, it is possible to carry out a 
registration that preferentially uses the first hash function. 

[0052] Further, when it is found out that an object MAC is a syn- 
onym that shares a corresponding pointer in the first 
pointer table, a registration with the synonym having been 
solved is implemented using the second pointer table with 
respect to the object MAC address and a registered MAC 
address that are synonymous with each other (steps 63 to 
69). Therefore, it is possible to suppress the broadcast or 
the reconstruction of the MAC address table 3, and per- 
form the search quickly. 

[0053] Further, upon implementing the registration with the syn- 
onym having been solved, a storage position in the MAC 
address table 3 is not changed with respect to the regis- 
tered MAC address, but a pointer designating the storage 
position is registered in the second pointer table. There- 
fore, a process that would be required due to the change 
in storage position becomes unnecessary, and thus, the 
processing can be performed efficiently. 

[0054] Th e present invention is not limited to the foregoing em- 
bodiment, but can be carried out with suitable modifica- 
tions. For example, a registration of data in a synonymous 
relationship is not implemented in the foregoing descrip- 



tion, but instead, it may be configured that with respect to 
first item data that are in a synonymous relationship with 
each other and share a corresponding pointer in the first 
pointer table, registrations up to a predetermined number 
are allowed, while, when the predetermined number is ex- 
ceeded, all the registrations in the synonymous relation- 
ship are caused to be registrations using the second 
pointer table as much as possible. 

[0055] Further, in the foregoing, the description has been given 
about the case wherein a sender MAC address of a re- 
ceived packet is registered along with information indica- 
tive of a corresponding port, and information of a corre- 
sponding port is retrieved with respect to a destination 
MAC address. However, the present invention is not lim- 
ited thereto, but is applicable to all cases wherein, with 
respect to fixed-length data, a registration using a hash 
function is implemented along with corresponding data, 
and a retrieval of corresponding data is carried out. 

[0056] Further, in the foregoing description, the selection table 4 
is used for knowing in advance as to which of the first 
hash function and the first pointer table, and the second 
hash function and the second pointer table are selected 
and used upon searching the MAC address table 3. In- 



stead thereof, however, like information may be added to 
the first pointer table. 

[0057] Although not particularly referred to in the foregoing de- 
scription, a hardware configuration mainly using elec- 
tronic circuits, or a configuration using computer pro- 
grams can be employed as a configuration for implement- 
ing the processing of Figs. 7 and 8. 

[0058] while the invention has been described in terms of spe- 
cific embodiment, it is evident in view of the foregoing 
description that numerous alternative, modifications and 
variations will be apparent to those skilled in the art. 
Thus, the invention is intended to encompass all such al- 
ternative, modifications and variations which fall within 
the scope and spirit of the invention and the appended 
claims. 



